Cyclic AMP-mediated upregulation of the expression of neuronal NO synthase in human A673 neuroepithelioma cells results in a decrease in the level of bioactive NO production: analysis of the signaling mechanisms that are involved.
The expression level of neuronal nitric oxide synthase (nNOS) can vary depending on the (patho)physiological conditions. Here we document a marked induction of nNOS mRNA, protein, and total NO production in response to dibutyryl cyclic AMP (db-cAMP) in human A673 neuroepithelial cells. However, the upregulation of nNOS was associated with a decreased level of production of bioactive NO and by an increase in the level of generation of reactive oxygen species (ROS). ROS production could be prevented by the NOS inhibitor L-NAME, suggesting nNOS itself is involved in ROS generation. Sepiapterin supplementation of db-cAMP-treated A673 cells could restore full bioactive NO production, most likely by preventing the uncoupling of nNOS. nNOS was upregulated by other stable analogues of cAMP, by the activator of adenylyl cyclase forskolin, by isoproterenol or by dopamine through activation of D1 receptors, and by inhibitors of phosphodiesterase. cAMP did not change the half-life of the nNOS mRNA. Inhibitors of protein kinase A (PKA), H-89 and R(p)-cAMPS, produced a partial inhibition of basal and cAMP-induced nNOS expression. cAMP response element binding and modulator transcription factors (CREB and CREM), typical target proteins of PKA, were expressed in A673 cells, as was the coactivator CREB binding protein (CBP). cAMP-stimulated induction of nNOS was significantly enhanced in A673 cells stably transfected with wild-type CREB and almost abolished in cells transfected with KCREB (containing a mutation of the DNA binding domain). In A673 cells transfected with CREB(133) (containing a mutation of the phosphorylatable serine 133), the overall level of nNOS expression was reduced, but the expressional stimulation by cAMP remained. This suggests that CREB bypasses, in part, the classical requirement for phosphorylation and association with CBP. Three members of the recently described four-and-a-half-LIM-domain proteins (FHL1-FHL3) were found to be expressed in A673 cells; FHL-1 and FHL-3 were upregulated by cAMP. These proteins can provide direct activation function to both CREB and CREM, and may be responsible for the PKA-independent component of CREB and CREM activity.